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A suite of 3D NMR experiments for measuring *>N—{'"H} HSQC spectrum, and demonstrate the applicability of
NOE, **N T,, and **N T, values in large proteins, uniformly these pulse sequences on perdeuterdf&i*>N-labeled
labeled with *°N and *C, is presented. These experiments are  gjy e-gp41.
designedlforlp;roteins that exhibit extensive spectral overlap in The impetus for the design of 3D versions of the standarc
e 20 N, S0 sy The o swencs 3t 05 ciaton oxperments was the poor special dis

; persion of SIV e-gp41. Indeed only 50% of tHel—°N

the spectral resolution and signal-to-noise ratio, thereby per- . . P15
mitting the characterization of protein dynamics to be extended ~ COrrelations are resolved in the ZBI—N HSQC spectrum

to larger protein systems. Application of the pulse sequences is Of SIV e-gp4l (cf. Fig. 1A of Ref. §). Essentially all
demonstrated on a perdeuterated **C/*°N-labeled sample of the ~correlations, however, are resolved in the 3D HNCO exper
44 kDa ectodomain of SIV gp41. iment, which was previously exploited to determing, H
Key Words: *°N relaxation; 3D NMR; large proteins; gp41. exchange rates8]. Thus, our strategy for designing 3N
relaxation experiments is based on the incorporation o
~ traditional 2D**N relaxation experiment2¢4) into the 3D
Heteronuclear NMR spectroscopy has been extensiv@lynstant time HNCO experiment@). The resulting pulse
used to study protein dynamics)( Typically, the*N—{*H}  sequences for determinifgN—{*H} NOE, 15N T,, and*N
NOE,_15N Ty, and_lSN Ty, orl;l'z values are determined using, = are depicted in Figs. 1a, b, and c, respectively. Pulse
a series of modified 2DH- N HSQC experimentsX-4). fie|q gradients have been added to suppress undesired ¢
To characterize the dynamic properties of the individuglorence pathwayd () and the WATERGATE sequence has
N-H vectors, the experimental relaxation data are generaf¥en added for water suppressidr2)
fit to the model-free formalism5-7), although alternative 1 experiments shown in Fig. 1 have been applied tc
methods have been proposed (cf. Régj).(The dynamics of perdeuterated®C/*5N-labeled SIV e-gp41. Figure 2a shows
helical proteins with molecular weights greater than 20 kDgusCOG:l)_lHN(FS) plane from the 3D experiment designec
have proven difficult to characterize by NMR due to severg determiné>N—{ 1H} NOE (pulse scheme in Fig. 1a), with
factors: in particlular, the reduction in signal-to-noise arising,, reference spectrum on the left and the NOE spectrum o
from increased™Hy transverse relaxation rates, and thg,s rjgnt It can be seen that sufficient signal-to-noise ant
mcreased spec_trgl overlap arising frf’m poor spectral dISp%’solution is readily achieved for this large helical protein in
sion characteristic of helical proteins. We have recent‘LjY reasonable measurement time (43 h per experiment).
shown that modern multidimensional heteronuclear NMR ould also be noted that the correlations for Asp45 an

experiments can be employed to obtain near-complete rc—{,-/sa-!llg are not resolved in the 2BH~5N HSQC spectrum

onance assignments and determine the three-dimensi are clearly separated by th&#cO frequencies in the 3D
solution structure of the 44 kDa ectodomain of SIV gp4 xperiment, thereby permitting the determination of their

(e-gp41, residues 27-149), a symmetric trimer comprlsmgN_{lH} NOE values. From the 3D experiment, tA&N—

two long helices (residues 3080 and 107-147) per su 'H} NOE values for Asp45, Val119, and lle126 are esti-
unit (8, 9). In the present communication, we present a sui

) ) 1 ated to be 0.9+ 0.1, 0.8% 0.1, and 0.9*+ 0.1, respec-
of 3D NMR experiments designed to measufél—{"H} tively. Their magnitude indicates that these NH vectors dc

NOE, **N T,, and >N T,, relaxation data in large pro- i . ) ) ) )
teins exhibiting extensive spectral overlap in the 2B-1N not'exh|b|tlIarge—amplltude mternal motlons, consistent with
their location in the well-defined N- (residues 30—-80) and

1 To whom correspondence should be addressed. C- (residues 107-147) terminal helice®).(**N T, decay
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FIG. 1. 3D pulse sequences for the determination of )-{"H} NOE, (b) >N T,, and (c)**N T,,,. Thin and thick vertical bars represent 90° and 180° pulses,
respectively. The delays, 7, andT are set to 2.25 , 2.7, and 13.5 ms, respectively. Quadrature detectigd¥@0) andt, (**N) is achieved by incrementing2 and
¢3 independently according to the States—TPPI meth6d Phase cycling in sequences (a) and (c) is as follgdis= y, —Yy; ¢2 = 2(X), 2(—X); ¢3 = 4(X), 4(—X);
receiver= X, 2(—X), X, —X, 2(X), —x. Phase cycling in sequence (b)i& =y, —V; ¢2 = 2(y), 2(—Y), ¢3 = 4(X), 4(—X); ¥4 = 8(X), 8(—X); receiver= X, 2(—X), X,
=X, 2(X), =%, =X, 2(X), =X, X, 2(—X), x. WALTZ-16 (17) is used for*H and**N decoupling. In sequence (aH saturation is accomplished by a series of 120° pulses
during the relaxation delay. In sequence (c), the bdxgdelay represents a 1-3 KPEN spin lock. The gradients are sine bell-shaped, 25 G/cm at the center, and appli
for the following durationsG,; = 3 ms,G, = 0.6 ms. Experiments (b) and (c) are carried out for several different values of the @ekaydT,, respectively. For
optimal sensitivity the relaxation delay should be set-th.3 X *Hy T, in (b) and (c) (8). Note that a water flip back pulse alongx (applied as either a
half-Gauss-shaped 90° pulse or a soft rectangular 90° pulse of dureiénms) between the hateN and*H 90° pulses of the last INEPT sequence is readily introduced
in pulse scheme (a) to avoid saturation of the water resonasge (

curves obtained using the pulse scheme in Fig. 1b are sho®d®? + 28, and 922+ 75 ms, respectively. The correspond-
in Fig. 2b for Ser29, Val58, Phe88, Alal28, and Asnl4(ng **N T,, decay curves obtained using the pulse scheme i
and yield*N T, values of 710+ 8, 974+ 133, 651+ 23, Fig. 1c are shown in Fig. 2c and yief@N T,, values of
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FIG. 2. (a)**CO(F,)-Hy(F5) plane of the 3D reference aft#h saturated spectra used to meastine—{*H} NOE. (b) Decay curves obtained using the
pulse schemes in Figs. 1b and c to determine (b)'tNeT, and (c)'*N T, relaxation times of Ser29®), Val58 @), Phe88 ©), Ala128 (J), and Asn140
(A). All spectra were recorded on a Bruker DMX500 spectrometer. Sample conditions werd 2iniformly 2H/*3C/A°N-labeled e-gp41 (monomer
concentration) in 50 M sodium formate, pH 3.0, and 90%,8/10% D,O at 45°C.**N and**C labeling was>95%, anc?H labeling=80%. Spectral widths
for H, *3C, and**N were 16, 10, and 26 ppm, respectively, with the carrier positions set to 4.58, 178, and 120 ppm, resp&i@end**Ca pulses were
applied at 178 and 56 ppm, respectively. Tfi€ 90° and 180° pulse lengths were set to 63.1V@14\) and 56.6 (3%/2A) us, respectively (wherd is the
frequency difference in Hz between the carrier positions fortfi@O and*3Ca pulses), such that when applied at fR€0 frequency the pulses have a null



MEASURING **>N RELAXATION DATA OF LARGE PROTEINS 371

84.7+ 8.2, 38.5+ 1.3, 106+ 10.6, 35.6* 4.1, and 28.4+ ACKNOWLEDGMENT
1.3 ms, respectively. Each time point for thN T, andT,,
experiments was acquired in approximately 4.5 h. Ser29 an
Phe88 are located in relatively mobile regior®3, (consis- '
tent with their relatively shortet®N T, and longer**N T,,
values. Val58, Alal28, and Asn140, on the other hand, are
located in helicesY), consistent with their relatively longer
>N T, and shorter'®N T, values. The"®N T,/Ty, ratios for 1 j w, Peng and G. Wagner, Investigation of protein motions via
the helical regions ranges from 25 to 32«gt = 27 X 500 relaxation measurements, Methods Enzymol. 239, 563-596 (1994).
MHz, corresponding to an apparent correlation time ob. L. E. Kay, D. A. Torchia, and A. Bax, Backbone dynamics of
18-22 ns. e-gp4l is a rod-shaped axially symmetric mole- proteins studied by **N inverse-detected heteronuclar NMR spec-
cule, ~110 Ain Iength and~34 A in width. The inertia troscopy: Application to staphylococcal nuclease, Biochemistry 28,
tensor calculated from the coordinates has an anisotropy of 8972-8979 (1989). ) o
~6.8 which corresponds to a predicted diffusion anisotropy" 2' M. Clore, P. C. Driscoll, P. T. Wingfield, and A. M. Gronenborn,
/3 . . nalysis of the backbone dynamics of interleukin-18 using two-
of 6.8 ~ 3.6 (13). Since the helices, and hence the N—H  gimensional inverse detected heteronuclar >N-*H NMR spectros-
vectors, are oriented at angles of 10°-20° to the long axis of copy, Biochemistry 29, 7387-7401 (1990).
the molecule 9), the apparent correlation time of 18—-22 ns4. J. w. Peng and G. Wagner, Mapping spectral density functions
corresponds approximately to the correlation time along the using heteronuclear NMR relaxation measurements, J. Magn.
z axis of the diffusion tensor (i.e.~D,,'). Assuming a  Reson. 98, 308-332 (1992).
diffusion anisotropy of~3.6, the predicted effective corre- 5. G. Lipariand A. _Szabo, Model-free apprgach to the interpretation of
lation time, given by (D, + 2Dyy + 2Dxx)71! is ~12 ns with nuclear magnetic resonance relaxation in macromolecules. 1. The-

. : . ory and range of validity, J. Am. Chem. Soc. 104, 4546-4559
minimum and maximunt®N T,/T,, ratios of~9 and~34 at (1382)_ g Y

oy = 27 X 500 MHz. 6. G. Lipari and A. Szabo, Model-free approach to the interpretation of
In conclusion, we have demonstrated that useful dynamic nuclear magnetic resonance relaxation in macromolecules. 2. Anal-
information can be derived from 3D versions ON relax- ysis of experimental results, J. Am. Chem. Soc. 104, 4546-4559
ation experiments performed on a 44 kDa protein. Sufficient (1982).
signal-to-noise ratios are achieved due to the high sensitiV- G- M. Clore, A. Szabo, A. Bax, L. E. Kay, P. C. Driscoll, and A. M.
ity of the HNCO experiment that forms the basic unit of the &'onenbom, Deviations from the simple two-parameter model-free
. . . approach to the interpretation of nitrogen-15 nuclear magnetic
sequences. The requirement for un_lfOWﬁ: labeling can be relaxation of proteins, J. Am. Chem. Soc. 112, 4989-4991 (1990).
expected to increase the relaxation rates £§% (19), 8. M. Caffrey, M. Cai, J. Kaufman, S. J. Stahl, P. T. Windfield, A. M.
which is small given the experimental errors. The present Gronenborn, and G. M. Clore, Determination of the secondary
sequences are amenable to perdeuterated samples, whiclstructure and global topology of the 44 kDa ectodomain of gp41 of
increases both spectral resolution and signal-to-noise. Pre- Simian immunodeficiency virus by multio!imensional nuclear mag-
viously, perdeuteration has been shown to have no measur_netlc resonance spectroscopy, J. Mol. Biol. 271, 819—826 (1997).
able effect on™>N relaxation parameters, although some of>: M- Caffrey, M. Cai, J. Kaufman, S. J. Stahl, P. T. Wingfield, D. G.
. . . . . Covell, A. M. Gronenborn, and G. M. Clore, Three-dimensional
Ehe increases in signal-to-noise are offset by the increased solution structure of the 44 kDa ectodomain of SIV gp41, EMBO J.
Hy T, of perdeuterated sample43). We expect that the 17, 4572-4584 (1998).
present set of 3D'N relaxation experiments will prove 19, s. Grzesiek and A. Bax, Improved 3D triple-resonance NMR tech-
useful for the characterization of the dynamic properties of niques applied to a 31 kDa protein, J. Magn. Reson. 96, 432-440
large helical proteins. Moreover, these experiments should (1992).
prove useful for dynamic studies of partially folded andl. A. Bax and .S' Pochapsky, Optimiz.ed recording' of hetergnuclear
unfolded proteins due to the increased resolution afforded Multidimensional NMR spectra using pulsed field gradients, J.
by the3CO chemical shift (cf. Ref.14)). Finally, we note __ 20" Reson. 99, 638-643 (1992).

that 3D di t h tlv b 12.dM. Piotto, V. Saudek, and V. Sklenar, Gradient-tailored excitation
a accordion spectroscopy has recently beéen propose for single quantum NMR spectroscopy of agueous solutions, J. Bi-

his work was supported by the AIDS Targeted Antiviral Program of the
ce of the Director of the National Institutes of Health (to G.M.C., A.M.G,
and the Protein Expression Laboratory).
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